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@ Tunnel ventilating system. 

@ A tunnel ventilating system for ventilating a highway 
tunnel (2) comprises a plurality of jet fans (6a t b, c, d) for 
drawing fresh air through the opposite portals of the high- 
way tunnel into the highway tunnel and for causing the fresh 
air to flow toward a ventilating shaft (1), a plurality of ven- 
tilating fans (4a, b, c) for discharging the air in the highway 
tunnel through the ventilating shaft, and a controller (12) 
capable of determining necessary rate of ventilation on the 
basis of measured data representing the degree of contami- 
nation of the air In the highway tunnel and other factors 
indicating the conditions of the Interior of the highway tun- 
nel. The jet fans and the ventilating fans are assigned to first 
and second subsystems. The jet fans and the ventilating 
fans of the first subsystem are operated under on-off control 
mode, while the jet fans and the ventilating fans of the 
second subsystem are operated under variable rate control 
mode. Thus, the highway tunnel Is always ventilated at the 
necessary rate of ventilation. 
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TUNNEL VENTILATING SYSTEM 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a ventilating system 
for the enclosed space of various buildings or structures 
5 and, more specifically, to a ventilating system for ventila- 
ting a tunnel. The ventilating system is of the type 
comprising a plurality of jet fans for causing the air 
introduced into a tunnel from outside to flow toward one 
or. a plurality of ventilating ducts, a ventilating fan for 

10 discharging the air through the ventilating duct or ducts 
outside the tunnel, and a controller for controlling the 
jet fans and the ventilating fan according to the flow 
rate of air required for desired ventilation. 
Description of the Prior Art 

15 A tunnel has a structural feature that the length the 

length thereof is very large as compared with the area of 
the opposite ends thereof. Therefore, the tunnel requires 
an adequate ventilation to maintain an environment suitable 
for passage. For a highway tunnel, high-rate ventilation 

20 is essential to cause fresh air to circulate through and 
contaminated air containing the exhaust gas of automotive 
vehicles to be simultaneously withdrawn from the tunnel 
and to supply fresh air containing sufficient oxygen for 
the human bodies and the combustion in the engines of 

25 automotive vehicles.. 
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Fig. 5 illustrates a known tunnel ventilating system 
for a highway tunnel. Such a tunnel ventilating system is 
disclosed in Japanese Laid-Open Patent Application Publica- 
tion No. 52-28500. Referring to Fig. 5, a highway - tunnel 
5 2 constructed under the ground 3 and having a roadway 5 

communicates with. the outside by means of a substantially 
vertical ventilating shaft 1. A plurality of jet fans 6 
draw fresh air through the opposite portals into the tunnel 
2 and send the fresh air forcibly in the longitudinal direc- 

10 tion toward the ventilating shaft 1. A ventilating fan 4 
is disposed within the ventilating shaft 1 near the outlet 
of the same to discharge the air in the tunnel 2 forcibly 
outside the tunnel 2. 

A controller 12 controls the jet fans 6 and the 

15 ventilating fan 4 on the basis of signals given thereto 

by a contamination detecting system for detecting the degree 
of contamination of the air within the tunnel 2 and a 
counter for counting the automotive vehicles that go into 
and come out of the tunnel 2. Typically, the contamination 

20 detecting system comprises haze transmissivity meters 7 

(generally designated as "VI meters"), CO sensors 8 which 
detect the CO concentration of the atmosphere, and wind 
vane and anemometers 9. The controller 12 decides the 
general degree of air contamination in the tunnel on the 

25 basis of .data , acquired by those measuring instruments and 

calculates the quantity of fresh air necessary for maintain- 
. ing the environment of the tunnel in a satisfactory condition. 
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An appropriate ventilating system among various ventilating 
systems is selected by taking the conditions of the tunnel, 
such as the length, cross-sectional area, gradient and 
traffic volume of the tunnel, into consideration. Supplying 
5 sufficient fresh air to maintain the quality of the air 

inside the tunnel above the lower limit of a desired level 
and discharging contaminated air outside the tunnel are 
essential regardless of the type of the selected tunnel 
ventilating system, however, from the economic point of 

10 view, excessive ventilation is undesirable. 

In the above-mentioned prior art tunnel ventilating 
system, the number of working jet fans 6 is varied according 
to the calculated necessary rate of ventilation. That is, 
all the jet fans are operated when the necessary rate of 

15 ventilation is greater than a predetermined value, while 
the number of the working jet fans is reduced as the 
necessary rate of ventilation decreases. Such a mode of 
controlling the : rate of ventilation through the variation 
of the number of' the operating jet fans causes the rate 

20 of ventilation to be changed in steps, and hence the actual 
rate of ventilation^ always exceeds the corresponding 
necessary rate of ventilation between the steps of 
variation. 

SUMMARY OF THE INVENTION 
25 It is an object of the present invention to provide 

a ventilating system capable of ventilating the internal 
space of a building or a t structure at the least necessary 
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rate of ventilation. 

A ventilating system according to the present invention 
; ' comprises a- plurality of jet fans provided within a space 
to be ventilated to draw fresh air into the space, and a 
5 : plurality of ventilating fans provided in a ventilating 

shaft" for discharging the air in the space outside the space. 
The jet fans and the ventilating fans are respectively 
assigned to two subsystems, namely, a first subsystem and 
i: ' a second subsystem. The jet fan or fans of the first sub- 
10 : j system and the ventilating fan or fans of the first sub- 
system are subjected to the on-off control of a controller, 
■•' while the jefc fan or fans and the ventilating fan or fans 
1 of the second subsystem are subjected to the continuous 
control of the controller, in which the respective outputs 
15 of the jet fan or fans and the ventilating fan or fans of 
the second subsystem are varied continuously. The cont- 
roller is capable of calculating the necessary rate of 
ventilation to establish a standard for controlling the 
- first and second subsystems for desired ventilation, on 
20 the basis of data representing the degree of contamination 
of the air in the space detected by one or some of sensors 
disposed in the space to be ventilated. 

The sensors for acquiring the data relating to the 
contamination of air are, by way of example, CO sensors, 
25' m anemoscopes, anemometers, 0 2 meters and hygrometers. One 
,: or more of those sensors are disposed at appropriate 
positions. in, the space to be ventilated. The sensors 
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send detection signals to, the controller. In case that the 
space to be ventilated is a highway tunnel, it is desirable 
to provide a counter for counting the number of automotive 
vehicles that pass the highway tunnel. The count of auto- 
5 motive vehicles that passed in a unit time counted by the 
counter is effective for the estimation of the necessary 
rate of ventilation of the highway tunnel. 

The controller decides the respective numbers of the 
working jet fans and the working ventilating fans among 

10 tl]iose of the first, subsystem on the basis of the calculated 
necessary rate of ventilation. The mode of control of the 
jet fans and the ventilating fans of the first subsystem 
is on-off control. Accordingly, the selected jet fans and 
ventilating fans are operated at the respective maximum 

15 capacities. The number of the jet fans and the ventilating 
fans of the first subsystem selected for operation by the 
controller is less than that of the jet fans and the 
ventilating fans necessary for meeting the desired rate 
of ventilation. The deficiency in the rate of ventilation 

20 is compensated by the operation of the jet fans and the 

ventilating fans of the second subsystem at the respective 
rates corresponding to the deficiency. Accordingly, the 
actual rate of ventilation always coincides with the 
necessary rate of ventilation and thereby the waste of 

25 energy attributable to excessive ventilation can be 
effectively avoided. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a schematic illustration of a tunnel 
ventilating system according; to the present invention 
installed in a highway tunnel; 
5 Figure 2 is a block diagram showing the constitution 

: : of a controller employed in the tunnel ventilating system 
of .Fig. 1; 

Figure 3 is a graph showing the relation between the 
number of working jet fans and wind pressure; 
10 ' Figure 4 is a graph showing the relation between the 

,' number of working ventilating fans and the rate of dis- 
charge;, and 

Figure .5 is a schematic illustration of a conventional 
tunnel ventilating system installed in a highway tunnel- . 

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Fig. 1 illustrates a tunnel ventilating system accord- 
ing to the present invention as applied to a highway tunnel 
2 constructed through the ground 3 and having a roadway 5. 
The tunnel 2 is connected in the central portion thereof 

20 with respect to the length thereof to a vertical ventilating 
shaft 1. Eresh air is drawn through the opposite portals 
into the tunnel 2 and the air in the tunnel is discharged 
outside through the ventilating shaft 1 for desired ventila- 
tion of ,the tunnel. Although the ventilating system illust- 

25 rated dn Fig. 1 is so constructed that the fresh air is 

introduced into the inside of the tunnel through the portals 
at both ends, the present invention is applicable to another 
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form of ventilation wherein the fresh air is introduced 
through one of the portals and then discharged outside 
through a duct and at the same time the fresh air is 
introduced through another duct into the tunnel and 
exhausted through the other portal. 

For simplification, four jet fans 6a , 6b , 6c and 6d 
disposed in the tunnel 2 at predetermined intervals and 
three ventilating fans 4a, 4b and 4c disposed within the 
ventilating shaft 1 are shown in Fig. 1. The ventilation 
of the tunnel 2 in the above-mentioned mode is carried out 
by the agency of these jet fans and ventilating fans. As 
will be described in detail later, the two jet fans 6a and 
6d and the two jet fans 6b and 6c are assigned to two 
separate subsystems, respectively. Similarly, the venti- 
lating fan 4a and the ventilating fans 4b and 4c are 
assigned to two separate subsystems, respectively. 

A controller 12 controls the subsystems individually 
for the appropriate operation of the jet fans and the 
ventilating fans according to a necessary rate of ventila- 
tion. Such- a necessary rate of ventilation is obtained 
through the known operation of VI value, CO value, wind 
speedy wind direction and the count of automotive vehicles 
passed through the tunnel which are detected by sensors 7, 
8, 9 and, 10 appropriately disposed in the tunnel, by the 
controller 12. 

Fig. 2 shows the constitution of the controller 12 
in detail. A measured data processing unit 13 receives 
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measured values measured by the VI meter 7 and the CO 
sensor 8, and then operates the measured data to determine 
the degree of air contamination in the tunnel. An arith- 
metic unit 14 > similarly to the measured data processing 
5 unit 13, executes operation to determine the pressure 

condition of the interior of the tunnel on the basis of 
measured data provided by the wind vane and anemometer 9 
■ and the vehicle counter 10 . The outputs of the measured 
data processing unit 13 and the arithmetic unit 14 are 

10 given to a control signal generating unit 15 to produce 

control signals for the individual control of the subsystems 
comprising the jet fans and the ventilating fans. 

Fig. 3 is a graph typically showing the relation between 
the number of working jet fans and wind pressure in the 

15 tunnel resulting from the operation of those jet fans in 
a section A between one of the portals of the tunnel and 
the ventilating shaft 1. In Fig. 3, Pi and P2 are airflow 
pressures produced by one jet fan and by two jet fans, 
respectively. When necessary rate of ventilation is com- 

20 ■ paratively small and, hence, the required wind pressure 
• in the longitudinal direction of the tunnel is less than 
Pi, only one jet fan is operated at a rate corresponding 
to the required wind pressure. In this state, the wind 
. pressure varies along an inclined line VP1. When the 

25 required wind pressure is greater than PI, two jet fans 
are operated;' one of them at its full capacity and the 
other under variable capacity control. In this state, 
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the wind pressure varies along a line VP2. If one of the 
two jet fans or both of the jet fans are operated continu- 
ously at full capacity under a condition other than a 
condition in which the required wind pressure coincides 
exactly with the wind pressure Pi or P2 , respectively, the 
actual wind pressure in the tunnel exceeds the required 
wind pressure and the excessive wind pressure causes 
wasteful energy consumption. According to the present 
invention, it is possible to make the actual wind pressure 
always follow up the required wind pressure. In the high- 
way tunnel, even if the operating condition of the jet fans 
is fixed, the wind pressure varies due to piston effect 
produced by automotive vehicles that pass through the 
highway tunnel at' high speed. Since the tunnel ventilating 
15 system of the present invention is capable of dealing with 
the variation of the wind pressure due to such a cause on 
the basis of measured values of wind direction and wind 
speed, the highway tunnel is ventilated stably at all times, 
which is the same with a section B. 
20 i The ventilating fans 4a, 4b and 4c also are controlled 
in the same manner. Fig. 4 shows the relation of discharge 
or exhaust rate to the number of the working ventilating 
fans. When a required sicharge rate corresponding to a 
necessary rate of ventilation is below the maximum discharge 
25 rate Ql of one ventilating fan, only the ventilating fan 
4a is operated at a discharge rate corresponding to the 
required discharge rate. When the required discharge rate 
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is greater than the maximum discharge rate Ql, one or both 
of the ventilating fans 4b and 4c are additionally operated 
at the maximum discharge rate to obtain a control charac- 
teristic represented by a line VQ. 

As is apparent from what has been described herein- 
before, the tunnel ventilating system according to the 
I present invention is capable of exactly meeting the necessary 
rate of ventilation and is also capable of dealing with the 
variation of the wind pressure attributable to the traffic 
of automotive vehicles through the tunnel, and hence the 
tunnel ventilating system according to the present invention 
is most advantageously applicable to railroad tunnels, subway 
tunnels and the like in addition to highway tunnels. It is 
apparent that the tunnel ventilating system according to the 
present invention is applicable also to all the spaces of 
buildings and structures that require ventilation. 
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WHAT IS CLAIMED IS: 
1. A ventilating system for ventilating a space 

formed within a building or a structure, and connected to 
the outside at least at one open end thereof, by discharging 
the air in the space through a ventilating shaft connected 
to the space, said ventilating system being of the type 
having a plurality of . jet fans disposed within the space 
to draw fresh, air into the space through the open end of 
the space and to cause the fresh air to flow within the 
space toward said shaft, a plurality of ventilating fans 
disposed within said ventilating shaft to discharge the 
air in the space outside the space through said ventilating 
shaft, and a controller for controlling said jet fans and 
said ventilating fans according to the necessary rate of 
ventilation of the space, the improvement comprising: 

said jet fans and said ventilating fans are 
assigned to a first subsystem and a second subsystem; 

said first and second subsystems are controlled 
individually by the controller; 

said jet fans and said ventilating fans of said 
first subsystem are operated under on-off control mode; and 

said jet fans and said ventilating fans of said 
second subsystem are' operated under variable rate control 
mode so that the rate of ventilation of said second sub- 
system corresponds to the difference between the necessary 
rate of ventilation and the rate of ventilation of said 
first subsystem. 
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2. A ventilating system claimed in Claim 1, wherein 

haze transmissivity meters, CO sensors and wind vane and 
anemometers are provided in said space to acquire data for 
determining the necessary rate of ventilation. 

3 # a ventilating system claimed in Claim 2, wherein 

the structure defining said space is a highway tunnel, and 
a counter for counting the number of automotive vehicles 
that passes through the highway tunnel is provided. 

i 

4. A ventilating system claimed in Claim 3, wherein 

said controller comprises a measured data processing unit 

'i 

which processes signals given thereto by said haze trans- 
missivity meters and said CO sensors to provide a signal 
representing the degree of air contamination, an arithmetic 
unit which operates signals given thereto by said wind vane 
and anemometers and said counters to provide a signal 
representing the pressure condition of said highway tunnel, 
and a control signal generating unit which determines the 
necessary rate of ventilation on the basis of the output 
signals of said measured data processing unit and said 
arithmetic unit and gives separate control signals corres- 
ponding to the necessary rate of ventilation to said first 
and second subsystems , respectively. 
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